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In the study, we analyzed role of p53 in predicting outcome in visceral metastasis breast cancer (VMBC)
patients. 97 consecutive VMBC patients were studied. P53 positivity rate was 29.9%. In the p53-negative
group, median disease free survival (DFS), and time from primary breast cancer diagnosis to death (OS1),
time from metastases to death (OS2) were 25, 42.5, and 13.5 months, respectively. In the p53-positive group,
they were 10, 22, and 8 months, respectively. Statistically significant differences in DFS and OS1 were
detected between the p53-negative and p53-positive subtypes. However, p53 appears to have no influence on
0S2. In Cox regression analysis, p53 expression and TNM stage were predictive factors of DFS. In the
multivariate analysis, p53 expression and the duration of DFS correlated with OS1, but not for OS2. Taken
together, our data indicate p53 showing predicting role in OS1 for VMBC, but not for OS2.

Ithough significant advances in survival have been achieved with adjuvant treatments in patients with

early-stage primary breast carcinoma, patients with recurrent metastatic breast carcinoma usually die of

their disease. Several factors, such as estrogen receptor (ER), progesterone receptor (PR), human epi-
dermal growth factor receptor 2 (HER2), age, stage, grade, time since metastatic development, and the site of
metastasis, have all been well identified as predictive criteria for the prognosis'. P53 is also well studied marker in
breast cancer. But its significance in predicting clinical outcome remains controversial.

The p53 gene is located on the short arm of chromosome 17 and encodes a 375 amino acid nuclear phospho-
protein that prevents propagation of genetically altered cells>. Wild type p53 is a tumor suppressor protein that
plays a vital role in regulating genomic stability by controlling the cell cycle and inducing apoptosis when cell
damage is beyond repair’~>. In normal cells, p53 is expressed in minutes and has a very short half-life by virtue of
ubiquitylation and proteasome degradation mediated by MDM2’. However, missense mutations within the p53
gene result in protein that is stabilized through posttranscriptional modification and accumulation within the cell
nucleus. Mutations in the tumor suppressor gene p53 are present in 18%-25% of primary breast carcinomas®.
Among the prognostic factors analyzed in studies focusing on breast cancer, an absence of p53 mutations appears
to predict longer disease-free (DFS) and overall survival (OS) following primary therapy. With that said, the
clinical course of visceral metastatic breast cancer (VMBC) has not been thoroughly investigated, and it is
unknown whether p53 has significance in VMBC. Knowledge about p53 is important because breast carcinoma
is a clinically diverse and heterogeneous disease, and the clinical course of these patients varies greatly. Some
patients die a short time after they develop recurrent disease, whereas others may live for many years’.

This study attempts to improve the prognostic markers in metastatic VMBC. Unlike ER, PR, and HER2, the
prognostic and predictive value of p53 in breast cancer, especially in visceral breast cancer, is still under discus-
sion. Some studies have indicated that abnormal p53 immunohistochemical expression, or p53-positive status,
was associated with more aggressive tumor features, a higher tumor grade, negative estrogen and progesterone
receptor (ER/PR) status, and the more aggressive basal subtype’. In contrast, other authors have reported that a
p53 mutation does not impact the outcome of early breast cancer and that the evidence is not strong enough for
p53 status to be recommended as a routine marker in clinical practice'.

The aim of the present study is (1) to evaluate and compare relationships between p53 status and other tumor
characteristics among breast cancer with visceral metastasis, (2) to determine the prognostic value of p53 status
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within both subgroups, and (3) to compare between groups the value
of p53 as a prognostic marker in relation to other commonly used
prognostic factors.

Results

Patient characterization. The patients’ characteristics are summa-
rized in Table 1. The median age was 46 years with a range of 23 to 89.
In the group of 97 patients, their age, family history, menstrual status,
histological type, TNM stage, number of metastases, and status of
p53, ER, PR, and HER2 were revealed. Among 97 patients, 6 (6.20%)
had a family history, 60 (71.89%) had TNM stage III, 60 (71.8%) had
multi-organ involvement, 29 (29.9%) were p53 positive, 58 (70.1%)
were p53 negative, 65 (67.01%) were ER positive, 53 (54.64%) were
PR positive, and 30 (30.92%) were HER2 positive.

Correlation of p53 status with tumor stage. The expression of p53
was primarily detected in the nuclear of tumor cells using a semi-
quantitative scoring system as previously described" (Figure 1). The
correlations of p53 expression with tumor characteristics are shown
in Table 2. High p53 expression was associated with advanced TNM
stage (p = 0.011), multiple organ involvement (p = 0.066), and
shorter DFS (p = 0.004). However, the expression of p53 was not
associated with age, premenopausal status, family history, histolo-
gical type, or ER, PR, and HER2 expression in VMBC patients.

Correlation of p53 status with disease free survival. The median
follow-up was 57 months after primary treatment. The median time

 ~?::,4'6'

Figure 1 | Immunostaining for p53 expression in breast cancer with
visceral metastasis. A: Negative expression, B: Positive expression,
Original magnifications: X 400, Scale bars: 20 pm. Wild-type p53 protein
is rapidly degraded, but mutated p53 is stable and can be detected with
IHC. In Fig. 1B, p53 can be seen in the cells with the brown stain.

Correlation of p53 status with overall survival. At the end of this
study, 26 patients (26.8%) were alive. The median OS1 was 38
months. The median OS1 was 22 months for patients with p53-
positive tumors and 42.5 months for patients with p53-negative
tumors (p = 0.021, Figure 3). In the univariate analysis, p53

Table 2 | Relationship between p53 and clinicopathological char-
acteristics in breast cancer patients with visceral mefastasis

of DFS was 23 months. The median DFS was 10 months for p53- | Factor P53 positive (%) P53 negative (%) Pvalue
positive patients and 25 months for p53-negative patients (p = 0.004, —
Figure 2). In univariate analysis, p53 expression and an advanced Age at 'n't[ql
stage were predictive of a shorter disease free survival (p = 0.006 and diagnosis(years)
0.008, respectively; Table 3). In the multivariate analysis, p53 =30 15(51.7) 46(67.7)
» respectively; ysis, p > 50 14(48.3) 22(32.4)  0.170
expression remained a significant predictor of poor DFS (p = 0.025). | Meanstrual status
Premenstrual 17(58.6) 42(61.8)
] .. Postmenstrual 12(41.4) 26(38.2) 0.822
Table 1 | Patients and tumor characteristics Family history of cancer
Characteristic No. of patients % Le;’ 22{]88% 62{33)6) 0.350
Age Tumor size
=50y 61 62.89 T1-T2 9(31.0) 32(47.1)
>50y 36 37.11 T3-T4 20(69.0) 36(52.9) 0.180
Family history Nodal status
Yes 6 6.20 Positive 25(86.2) 47(69.1)  0.127
No 91 93.80 Negative 4(13.8) 21(30.9)
Menstrual status Stage
Premenstrual 58 59.80 -1l 6 (20.7) 31(53.4)
Postmenstrual 39 40.20 Il 23(79.3) 29(46.6) 0.011
Histological type Histological type
Ductal carcinomal 75 77.32 Ductal carcinoma 20(69) 50(73.5)
Others 22 22.68 Others 9(31) 18(26.5)  0.631
Initial TNM stage The number of visceral
=1 37 38.11 metastases
i 60 71.89 1 12(41.4) 41(60.3)
Number of visceral metastases 2 11(37.9) 20(29.4)
1 10 10.3 Multiple organ 6(20.7) 7(10.3) 0.066
2 27 27.8 involvements
>2 60 61.9 Duration of disease free
P53 survival
Positive 29 29.9 < 2 years 21(72.4) 27(39.7)
Negative 58 70.1 =2 years 8(27.6) 41(60.3) 0.004
ER ER
Positive 65 67.01 Positive 21(72.6) 44(64.7)
Negative 32 32.99 Negative 8(27.6) 24(35.3) 0.491
PR PR
Positive 53 54.64 Positive 18(62.1) 35(51.5)
Negafive 44 45.36 Negative 11(37.9) 33(48.5)  0.379
HER2 HER2
Positive 30 30.92 Positive 15(51.7) 30(44.1)
Negative 67 69.08 Negative 14(48.3) 38(55.9)  0.513
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Figure 2 | Comparison of p53 status with respect to DFS: p53-negative
versus p53-positive. The status of p53 was compared to disease free
survival retrospectively. The Kaplan-Meier survival curve compares 29
p53-positive patients to 68 p-53 negative patients with respect to disease
free survival (DFS).

expression, the numbers of metastases, and the duration of DFS were
predictive of poor survival (p = 0.32; p = 0.027; p = 0.000,
respectively; Table 4). In the multivariate analysis, p53 expression
and the duration of DFS remained to be the significant predictors of
poor OS1 (p = 0.025, and p = 0.031, respectively).

Since p53 expression was strongly associated with DFS and OS1,
we also performed a multivariate Cox’s regression analysis with these
factors included in order to estimate the independent effect of the p53
on OS2 of VMBC. This estimated the independent effect of p53 on
OS2 in VMBC. The median OS2 was 13 months. The median OS2
was 8 months for patients with p53-positive tumors and 13.5 months
for patients with p53-negative tumors (p = 0.259, Figure 4). In the
univariate analysis, tumor size and the number of organs involved
were predictive of a poor OS2 (p = 0.070 and 0.000, respectively;
Table 5). In the multivariate analysis, only the number of organs
involved remained a significant predictor of poor OS2 (p = 0.009).

Discussion

Many data sets have shown that the absence of p53 mutations appear
to predict a longer DFS and OS following primary therapy''™".
However, it remains unclear whether p53 has significance in the
clinical course of VMBC and how it relates to other factors thought
to influence the prognosis of VMBC. Hence, the rationale for this
study is to evaluate and compare the role of p53 as a marker for
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Figure 3 | Comparison of p53 status with respect to OS1: p53-negative
versus p53-positive. The Kaplan-Meier survival curve compares 29 p53-
positive patients to 68 p-53 negative patients with respect to OS1 (time
from diagnosis of primary breast cancer to death).

prognosis and survival among VMBC patients. Consistent with pre-
vious findings, p53-positive VMBC was more likely to have an
advanced TNM stage and mixed metastases at diagnosis than p53-
negative breast cancer®. The p53 positivity rate for VMBC in this
study (29.9%) was concordant with previous reports®'. Also congru-
ent with previous findings***, our study indicated that p53 was
associated with tumor aggressiveness. In all the investigated patients,
p53 expression correlated with a higher tumor stage and multiple
organ involvement (visceral organ and bone). Patients who
expressed p53 had a poorer DFS (P = 0.004) and OS1 (P = 0.021)
than p53-negative patients. Then a question was raised. One reason
for a shorter DFS in p53-positive breast cancer may be the relative
resistance of p53-positive tumors to chemotherapy. Studies of
women treated with a variety of chemotherapeutic regimens, or hor-
monal therapy, suggest that p53 status may be predicative of a res-
ponse to therapy*>?. Retrospective analyses of randomized clinical
trials, using either IHC measurement of p53 expression (CALB 9344)
or TP53 gene sequencing (BIG 02-98), have identified a correlation
between patients with a poor prognosis and those treated with
adjuvant doxorubicin and cyclophosphamide, or doxorubin®**. In
addition, When TP53 mutations occur, it usually exert cancer-
promoting effects, not only by dominant-negative inactivation of
the remaining wild-type allele, but also through authentic oncogenic
gain-of-function activities, which include a wide range of newly

Table 3 | Univariate and multivariate disease-free survival Cox analyses in breast cancer patients with visceral metastasis
Univariate analysis Multivariate analysis

Covariate HR Pvalue 95% Cl HR Pvalue 95% Cl
Age 0.988 0.143 0.973;1.004 0.986 0.155 0.967;1.005
Menstrual status 0.674 0.064 0.444;1.023 0.746 0.296 0.431;1.292
Tumor size 1.075 0.559 0.843;1.371 1.057 0.765 0.737;1.516
Node status 1.091 0.410 0.887;1.341 0.988 0.943 0.704;1.386
TNM stage 2.375 0.008 1.247,4.523 3.102 0.051 0.996,9.658
Pathological type 0.996 0.984 0.640;1.549 0.852 0.557 0.499;1.455
P53 0.536 0.006 0.344;0.837 0.543 0.025 0.318;0.926
ER 1.112 0.628 0.724;1.709 1.117 0.761 0.546;2.288
PR 1.076 0.725 0.716;1.616 0.836 0.634 0.400;1.748
HER2 1.355 0.147 0.898;2.042 1.437 0.180 0.846,2.440
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Table 4 | Univariate and multivariate overall survival (OS1, survival from primary diagnosis of breast cancer) Cox analyses in breast cancer
patients with visceral metastasis

Univariate analysis Multivariate analysis
Covariate HR P valuve 95% Cl HR P value 95% Cl
Age 0.995 0.707 0.972;1.020 0.986 0.155 0.967;1.005
Menstrual status 1.207 0.557 0.645;2.257 0.746 0.296 0.431;2.514
Number of metastatic site 0.305 0.027 0.106;0.874 1.012 0.979 0.408;2.514
Tumor size 1.347 0.098 0.947;1.917 1.057 0.765 0.737;1.516
Node status 1.068 0.695 0.769;1.483 0.988 0.943 0.704,1.386
The duration of DFS [ < 2 year) 1.691 0.000 0.583;4.906 3.102 0.031 0.996,9.658
Stage 1.544 0.079 0.951,;2.507 1.102 0.974 0.485;2.113
Pathological type 0.908 0.784 0.453;1.818 0.852 0.557 0.499;1.455
P53 0.478 0.032 0.243;0.940 2.184 0.025 1.366;1.492
ER 1.693 0.141 0.840;3.410 1.117 0.761 0.564,2.288
PR 1.111 0.742 0.594;2.079 0.836 0.634 0.400;1.748
HER2 1.067 0.139 0.857;3.011 1.437 0.180 0.846;2.440

acquired oncogenic properties that are not found in the wild-type
P53, such as increased genomic instability and cell proliferation,
augmented invasion and metastasis, and inhibition of apoptosis®*.
Taken together, all these may contribute to the poor clinical outcome
of breast cancer with visceral metastasis. In concordance with these
findings, we also found that p53-positive breast cancer was more
likely to have an advanced TNM stage at the primary diagnosis,
which may be related with the poor DFS and OS1. However, our
study did not observe p53 had an impact on OS2. This is an inter-
esting clinical phenomenon and has not previously been studied.
Why this well recognized prognostic factor can lose its predictive
value in VMBC is unknown and remains unclear. Perhaps a break-
through at the gene and protein level comparing breast cancer
patients before and after visceral metastasis will reveal this phenom-
enon. More research is needed to improve the knowledge of p53 in
order to make optimal decisions for VMBC.

Furthermore, p53 expression appeared not to be associated with a
high tumor grade of differentiation, estrogen and progesterone
receptor negative status, or HER2 status. This was not consistent
with previous studies’. Perhaps larger sample sizes are needed to
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Figure 4 | Comparison of p53 status with respect to OS2: p53-negative
versus p53-positive. OS2: Time from diagnosis of visceral metastasis to
death. The Kaplan-Meier survival curve compares 29 p53-positive patients
to 68 p-53 negative patients with respect to OS2 (time from diagnosis of
visceral metastasis to death).

confirm the observations and determine whether associations exist
that may have been missed in smaller studies.

The p53 tumor suppressor protein, encoded by the TP53 gene, is a
transcription factor that, when activated as part of the cellular stress
response, regulates genes involved in cellular processes including the
cell cycle, apoptosis, and senescence®. In this study, p53 protein
accumulation was assessed by immunohistochemistry (IHC). IHC
was ideal because wild-type p53 protein is rapidly degraded, whereas
TP53 mutations are often associated with the production of a stable
protein that is detectable by IHC of the cancer cells*. Currently, IHC
is the most commonly used modality for the evaluation of p53 muta-
tions because sequencing of the p53 gene in all breast cancers would
be expensive and time consuming for daily practice. Therefore, p53
evaluation by IHC is a practical tool to assess the prognosis.

Treatment for metastatic breast cancer (MBC) has evolved in the
past 20 years because of the discovery of new and better tolerated
therapies. Survival of patients with MBC has improved, with median
survival now ranging between 18 and 30 months, and 5-year survival
between 23% and 30%**~**. However, MBC with visceral metastasis
remains terrible for patients. Our study indicated that 5-year survival
was 22.68% with a median survival time of 35 months. Bones are the
most common site for the first metastasis in women with ER-positive
and HER2-normal breast cancer, whereas basal-like and HER2-
positive breast cancer is more likely to recur in visceral sites, includ-
ing the central nervous system®. Our results provide evidence that
targeting mutant p53 may serve as a promising therapeutic strategy
in the treatment and prevention of visceral metastasis for partial
breast cancer bearing p53 mutations. Studies have indicated that
knockdown of mutant p53 by siRNA was able to induce G2-phase
cell cycle arrest and apoptosis in human bladder cancer cells.
Moreover, this strategy cooperated with cisplatin in the inhibition
of cancer cells”.

Using Cox’s model analysis, our study indicated that the number
of metastatic sites and primary tumor size were associated with a
poorer OS2.

This study had several limitations. First, the retrospective design
made it difficult to compare the p53 status, treatment response, and
clinical course of the patients. Second, the small sample size may have
limited the ability to derive statistically significant results and correct
for differences in subgroup characteristics. Our studies did provide
more information in the evaluation of p53’s significance in VMBC.

In conclusion, these results indicate, by IHC, that patients with
P53 protein accumulation appear to have shorter DFS and OS1 than
those without p53 expression. However, when patients develop vis-
ceral metastasis, presence or absence of p53 is not a clinically useful
tool to predict the survival time from metastasis to death. Larger
prospective studies will be needed to confirm these findings.
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Table 5 | Univariate and multivariate overall survival (OS2, survival from visceral metastasis) Cox analyses in breast cancer patients with
visceral mefastasis
Univariate analysis Multivariate analysis

Covariate HR Pvalue 95% Cl HR Pvalue 95% Cl

Age 1.009 0.483 0.984;1.035 1.006 0.743 0.971;1.042
Menstrual status 1.802 0.065 0.965;3.364 1.949 0.103 0.873;4.352
Number of metastatic site 0.084 0.000 0.081;0.700 0.238 0.009 0.021;0.333
Tumor size 1.375 0.070 0.974;1.941 1.284 0.387 0.729;2.264
Node status 0.946 0.743 0.679;1.317 0.714 0.321 0.367;1.389
The duration of DFS [ < 2 year) 0.824 0.522 0.292;2.327 0.159 0.811 0.035;0.728
Stage 1.220 0.361 0.796;1.869 2.344 0.118 0.806,;6.818
Pathological type 1.028 0.938 0.513;2.061 0.706 0.440 0.292;1.708
The site of the first metastases 0.912 0.681 0.590;1.412 0.891 0.715 0.481;1.651
Visceral metastases with bone 1.364 0.435 0.625;2.975 1.141 0.784 0.444;2.929

metastases

P53 0.682 0.268 0.347;1.342 1.006 0.988 0.456;2.218

ER 1.796 0.106 0.883;3.651 1.869 0.252 0.641;5.445

PR 1.222 0.530 0.654;2.285 0.647 0.387 0.242;1.734
HER2 1.345 0.352 0.721;2.510 1.321 0.515 0.571,;3.053
Methods positive nuclear staining visual score of 10% or greater for invasive cancer cells was

Patients. This was a retrospective study including patients who were diagnosed with
VMBC at the Cancer Hospital of Shantou University Medical College between
January 2002 and December 2011. To identify patients for the analysis, the breast
cancer database of the hospital was searched. The database contained information
about all breast cancer patients between 2002 and 2011 (n = 2012). For the use of
these clinical materials for research purposes, prior consents from the patients and
approval from the Ethics Committees of the hospitals were obtained. AllAll patients
lacked evidence of distant metastases (MO) at the time of surgery. 334 patients
developed visceral metastasis as their first site during follow-up. We selected 97
consecutive patients with complete data for analysis. All patients had baseline
assessments that included a complete blood count as well as renal and hepatic
function tests. Imaging studies before treatment included chest X-rays, abdominal
ultrasounds, and radionuclide bone scans. Computed tomography (CT) scans of the
chest, abdomen, and pelvis were conducted when deemed necessary by the treating
physician. Chest X-rays, abdominal ultrasounds, and laboratory studies were
repeated every 3 months. In all the patients, disease management consisted of surgery,
adjuvant radiotherapy, systemic chemotherapy in a neoadjuvant and/or adjuvant
setting, and adjuvant hormonal therapy in hormone-receptor-positive patients.
Additionally, all the patients underwent a total mastectomy and received an
anthracycline-containing regimen either in the neoadjuvant or adjuvant setting.
Histopathological data was documented from the original pathological reports and
included tumor size, axillary lymph-node status, grading, ER status, PR status, and
HER2 status.

Visceral metastases were classified as either visceral alone (lung, liver, or brain) or
mixed visceral (visceral organs and bone involvement). Chemotherapies in the
metastatic setting included docetaxel, paclitaxel, gemcitabine, and vinorelbine.

Histopathologic assessment. All of the histopathologic information used in the
analysis was directly documented from the original pathology reports. Grading,
tumor type, ER status, PR status, and HER2 status had been routinely recorded at our
hospital, and the tests were performed on formalin-fixed, paraffin-embedded tumor
tissue. Monoclonal mouse antibodies against the estrogen receptor alpha (clone 1D5;
1:200 dilution, DAKO, Denmark) and monoclonal mouse antibodies against the
progesterone receptor (clone pgR636, 1:200 dilution, DAKO, Denmark) were used
to stain the primary tumors. The percentage of positively stained cells was included in
the pathology reports. The tumors were considered to be ER-positive and PR-positive
if 10% or more of the cells showed positive staining. A polyclonal antibody against
HER?2 (A0485, 1:200 dilution, DAKO, Denmark) was used and HER?2 status was
noted in the pathology reports as negative (scores 0, 1+, and 2 +) or positive (scores 3
+).

Immunohistochemical staining for p53. Samples were fixed in 4%
paraformaldehyde or 10% formalin and embedded in paraffin. 4 micron sections were
cut and placed on silane coated slides for immunohistochemistry. The paraffin
sections were dewaxed and pretreated in 0.01 M sodium citrate buffer (pH 6.0) and
microwaved on high for 5 minutes and low for 15 minutes to unmask the tissue
antigen. These sections were then incubated with 3% hydrogen peroxide for 10
minutes at room temperature to block endogenous peroxidase. Immunostaining was
performed with anti-p53 antibody (dilution 1 :200, mouse monoclonal to p53, M-
0430, Shanghai Long Island Biotech Co., Ltd, China) at 4°C overnight. The sections
were then incubated with the Supervision TM Universal (Anti-Mouse/Rabbit)
Detection Reagent (HRP) (Cat. #: D-3004, Lab Vision Corporation, Fremont, CA,
USA) for 30 minutes and counterstained with hematoxylin (Thor and J.F. Lara). A

considered p53 positive®.

Statistical analysis. Data was analyzed using SPSS 17.0 software (Inc., Chicago, Ill,
USA), and descriptive statistics were used to determine the patient’s clinical
characteristics. The chi-square test was used to compare categorical tumor features in
the p53-positive and p53-negative groups. DFS was disease free survival, OS1 was the
time from initial diagnosis of breast cancer to death, and OS2 was defined as the time
from detection of the first metastasis to death. Kaplan Meier and log rank tests were
used for the analysis of OS1 and OS2. Multivariate analysis was evaluated by step wise
forward Cox’s regression analysis. The Fisher exact test was used to assess the
association significance of p53 distribution in patients with visceral metastasis. For all
the analyses, P value = 0.05 was considered statistically significant.
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